The nature of antibody activities associated with purified immunoglobulin fractions of serum, secretions (whole saliva, parotid secretion, and intestinal secretion), and urine of a volunteer after subcutaneous booster injections with rabies virus, poliovirus, diphtheria and tetanus toxoids, and typhoid-paratyphoid-cholera vac Resistance to certain types of infections of body surfaces is associated with antibodies in the secretions bathing the surfaces rather than with serum antibodies (15, 28, 31) . It is generally accepted that these antibodies [secretory antibodies or secretory immunoglobulin A (IgA) ] differ from and are independent of serum antibody (17, 21, 22, 27, 31, 32) . Although recent observations suggest that local administration of antigen may be superior to parenteral immunization in stimulating a local immune response (9-11, 17, 21-23, 29, 31, 37), appropriate systemic administration of antigen can stimulate the production of local antibody (3, 25, 29, 31 immunized against diphtheria during childhood. For the present investigation, the subject received booster injections of the above vaccines subcutaneously by the following schedule: day 1, rabies (duck embryo; Eli Lilly & Co., Indianapolis, Ind.); day 5, poliovirus types 1, 2, and 3 (Swiss Serum and Vaccine Institute, Berne, Switzerland); day 9, diphtheria-tetanus toxoid (Connaught Medical Research Laboratories, Toronto, Canada); and day 15, typhoid-paratyphoid A and B-cholera (TAB-cholera; The Government Pharmaceutical Organization, Bangkok, Thailand).
Resistance to certain types of infections of body surfaces is associated with antibodies in the secretions bathing the surfaces rather than with serum antibodies (15, 28, 31) . It is generally accepted that these antibodies [secretory antibodies or secretory immunoglobulin A (IgA) ] differ from and are independent of serum antibody (17, 21, 22, 27, 31, 32) . Although recent observations suggest that local administration of antigen may be superior to parenteral immunization in stimulating a local immune response (9-11, 17, 21-23, 29, 31, 37) , appropriate systemic administration of antigen can stimulate the production of local antibody (3, 25, 29, 31) . The present investigation was undertaken to analyze the nature of immune responses in the serum, whole saliva, parotid secretion, intestinal fluid, and urine of a volunteer who received injections of several vaccines by the routine parenteral route. The results suggest that secretory IgA is probably synthesized locally and that certain types of antigenic preparations are superior to others in stimulating a local immune response when given systemically.
MATERIALS AND METHODS Immunization of a human. A healthy adult male volunteer received full courses of vaccination against typhoid, paratyphoid, cholera, poliomyelitis, rabies, and tetanus approximately 15 months before the present vaccination schedule. He also had been immunized against diphtheria during childhood. For the present investigation, the subject received booster injections of the above vaccines subcutaneously by the following schedule: day 1, rabies (duck embryo; Eli Lilly & Co., Indianapolis, Ind.); day 5, poliovirus types 1, 2, and 3 (Swiss Serum and Vaccine Institute, Berne, Switzerland); day 9, diphtheria-tetanus toxoid (Connaught Medical Research Laboratories, Toronto, Canada); and day 15, typhoid-paratyphoid A and B-cholera (TAB-cholera; The Government Pharmaceutical Organization, Bangkok, Thailand).
Collection and fractionation of specimens. Prebooster blood, whole saliva, and urine were obtained 1 to 2 weeks before the present series of immunizations. The postbooster specimens, i.e., blood, parotid secretion, whole saliva, intestinal secretion, and urine, were collected 7 to 22 days after the last booster. The combined fluids of each specimen were clarified by centrifugation, kept frozen at -20 C until they were fractionated, and analyzed for antibody activities. Fractionation procedures were done at 4 C unless indicated otherwise. Purified immunoglobulin fractions were sterilized by filtration through a 0.22 j,m membrane filter (Millipore Corp., Bedford, Mass.).
Procedures for the purification of serum IgG, IgA, and IgM were slightly modified from the method originally described by Vaerman et al. ( 36) . The euglobulin fraction, which precipitated when serum was dialyzed in water, was dissolved, applied to a Sephadex G-200 column (2.5 by 90 cm), and eluted with 51% NaCl. The fractions that contained IgM, as detected by immunodiffusion and immunoelectrophoresis, were eluted at a position close to the excluded volume of the column. Appropriate fractions were pooled, concentrated by ultrafiltration, and rechromatographed twice on the same Sephadex G-200 column. IgG was isolated and purified from the water-soluble pseudoglobulin fraction by ion-exchange chromatography on a diethylaminoethyl (DEAE)-cellulose (Whatman DE 52) column equilibrated with 0.01 M sodium phosphate buffer (pH 8.0). The IgAcontaining fractions, which were eluted from the above DEAE-cellulose column with 0.1 M phosphate buffer (pH 8.0), were pooled, dialyzed in water, concentrated, and further purified by the zinc precipitation method (36) . The final concentration of zinc sulfate was 0.025 M instead of the 0.05 M; more IgA was recovered at the lower zinc concentration.
Parotid secretion, stimulated by lemon-flavored candies, was collected from Stensen's duct with Lashley cups. Whole saliva was stimulated by chewing paraffin. Fractionation procedures for salivary immunoglobulins have been described (Sirisinha, Arch Oral Biol., in press). Briefly, the proteins were precipitated with 650 g of solid ammonium sulfate per liter of saliva. The precipitate was allowed to stand overnight at 4 C, dissolved in 0.85% NaCl, dialyzed free from sulfate, and, finally, equilibrated with 0.005 M phosphate buffer (pH 8.0). The concentrated protein solution wasapplied to a DEAE-cellulose column, previously equilibrated with the above buffer. The proteins were eluted by stepwise application of pH 8.0 buffer of increasing molarity. The small amount of IgG present in whole saliva was eluted with the starting buffer. Most of the salivary IgA was eluted only with a buffer with a molarity of 0.04 M or higher (Fig. 1) . Appropriate immunolobulin-containing fractions were pooled, concentrated, and further purified by gel-filtration. The partially purified salivary IgG and IgA pools were applied to Sephadex G-150 and G-200 columns, respectively, and the fractions that eluted close to the excluded volume of the column were pooled, concentrated, and rechromatographed twice on the same Sephadex column.
Intestinal fluid was collected from the jejunum, proteolytic activity was destroyed, and the fluid was concentrated as described by Plaut and Keonil (24 
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The IgG component was isolated and purified by the chromatographic method described for saliva.
Twenty-four hour urine collections were accumulated in bottles containing a small amount of toluene. The fractionation and purification of urinary IgG and IgA were essentially the same as described for saliva. In addition, a small amount of a low-molecularweight component that precipitated with anti-K and anti-X sera was eluted from the DEAE column in fractions that also contained IgG (Fig. 2) . This lowmolecular-weight component, referred to as yL in this communication (see below), was freed from detectable contamination with other urinary components by gel-filtration on a Sephadex G-150 column (Fig. 3 O antigens were prepared for sensitization of sheep erythrocytes (SRBC) as previously described (14) .
Those immunoglobulin preparations that reacted with unsensitized SRBC were adsorbed with packed, washed SRBC before the titration for antibody activities. Equal volumes (0.025 ml) of twofold dilutions of samples and of 1% sensitized SRBC suspension were incubated at 37 C for 1 hr before results were recorded. To detect traces of antibody activity in immunoglobulin preparations that did not produce visible agglutination, excess specific (for the test immunoglobulin) rabbit antiserum was added to the reaction mixtures, and after thorough mixing the plates were reincubated.
Vibriocidal titration. The vibriocidal activity to V. cholerae was determined by a microtitration technique (4) .
Toxin neutralization tests. Known amounts of immunoglobulin fractions were mixed with a calibrated quantity of toxin and the mixtures were injected into suitable animals. A standard antitoxin was titrated along with each analysis so that the units of antitoxin per milligram of immunoglobulin being analyzed could be compared and estimated.
In the tetanus-toxin neutralization test, twofold dilutions of either standard tetanus antitoxin (Burroughs Wellcome and Co., London, England) or the purified immunoglobulin samples under investigation were mixed with equal volumes of a toxin solution containing 10 MLD/ml (The Government Pharmaceutical Organization). (One MLD is that amount of tetanus toxin which, when injected intramuscularly into the base of the tail, will uniformly kill adult male albino mice within 48 hr after injection.) The mixtures were allowed to stand at room temperature for 1 hr, and 0.2-ml portions were injected into animals. The end point was taken as the dilution of antitoxin which protected all test mice.
Antitoxic activity against diphtheria toxin was estimated by intracutaneous injection of 0.1 ml of toxin-antitoxin mixture into rabbit skin (8 (31) (32) (33) , only IgA from parotid secretion and IgA and IgG from whole saliva could be isolated and purified in sufficient quantity for further investigation. The final IgA preparations from both of these oral fluids eluted from a Sephadex G-200 column as a single component with a characteristic elution position of molecules with a molecular weight greater than 200,000. Both preparations gave one band of precipitation in the expected position for secretory IgA in the immunoelectrophoretic pattern when reacted with either anti-NHS, antisaliva, or antisecretory IgA serum. They also gave a reaction of partial identity with serum IgA when tested with antisecretory IgA serum in the Ouchterlony analysis, suggesting that serum IgA was antigenically deficient with respect to these IgA preparations. These results indicated that the IgA component isolated from both parotid secretion and whole saliva had characteristics of secretory immunoglobulin described previously by Tomasi et al. (32) . The purified IgG preparation isolated from whole saliva was found to be antigenically indistinguishable from serum or urinary IgG.
Two immunoglobulin preparations were isolated from intestinal secretion. The protein component that eluted from the DEAE-cellulose column with 0.005 M phosphate buffer (pH 8.0) yielded a reaction of identity with serum IgG when reacted with anti-IgG or anti-NHS serum. The other preparation eluted in the 0.06 M fraction was a mixture of IgG and IgA. The amount of proteins recovered in this latter fraction was insufficient for further purification and characterization of the IgA component.
Three immunoglobulin fractions were isolated and purified from postbooster urine. IgG, the main immunoglobulin fraction, gave a single band of precipitation which showed a reaction of identity with serum IgG in immunodiffusion analysis with specific anti-IgG serum. The IgA preparation was of the secretory IgA type and gave a reaction of identity with salivary IgA preparations in the Ouchterlony analysis. A low-molecularweight immunoglobulin, 'yL, eluted from the DEAE column together with IgG; this component reacted with anti-light-chain sera but not with specific anti-IgG, anti-IgA, or anti-IgM. This component was freed from detectable contamination with IgG by gel-filtration on a Sephadex G-150 column. Its elution position from the column coincided with that of the Bence-Jones protein marker (Fig. 3) . It is suggested, therefore, that the low-molecular-weight urinary immunoglobulin component was either normal immunoglobulin light chain or a small immunoglobulin fragment containing light-chain determinants as a major part of its structure.
Serum antibodies. Table 1 presents the results of tests for antibody activity in the three serum immunoglobulin fractions, IgG, IgA, and IgM. The IgM contained the highest concentration of serum antibodies to Salmonella 0 antigens, as detected by the passive hemagglutination technique. The IgG had only a small amount and the IgA had but a trace amount, if any, of antibody to these bacterial antigens. Vibriocidal antibodies to both strains of V. cholerae were mainly associated with the IgM; slight activity was also present in the IgG. Poliovirus-neutralizing antibody (type 1) was associated with the IgG and the IgA fractions but not with the IgM. Antibody to rabies virus, on the other hand, was detected mainly i-n IgM and IgA fractions; the IgG contained only a trace, if any, of such antibody. Antitoxic activities to both tetanus and diphtheria toxins were almost exclusively in the IgG fraction; trace activities (13, 19, 20) have also demonstrated the presence of antibody activities in the low-molecular-weight immunoglobulin component of human urine after parenteral administration of vaccines.
